The early report of Fisher (1924) , Allan, Bowie, IMacleod, and Robinson (1924), and the subsequent extensive studies of Best and his associates (1932, 1933, 1934, 1935) demonstrated quite conclusively that the completely depancreatized dog would not survive more than a few months even though adequately treated with insulin. The most prominent abnormality seen at autopsy was an extreme degree of fatty degeneration and infiltration in the liver. These changes in the liver could be prevented and life indefinitely prolonged by the addition of adequate amounts of raw pancreas, lecithin, or choline to the diet. An exception to these statements is found in the report of Chaikoff (1935) that he has maintained two depancreatizcd dogs alive and in good condition for over four years by means of insulin but without the administration of pancreas, lecithin, or choline. These probably represent exceptional instances. Furthermore, both animals were still living at the time of the report so that verification of the completeness of the pancreatectomy is not yet available. In the present studies we have depancreatized 45 dogs and all save one developed the characteristic changes in the liver as verified by biopsy or post-mortem examination. Eight of these animals received no supplement to the diet, which was effective in relieving the fatty changes in the liver, and all died very promptly.
The early report of Fisher (1924) , Allan, Bowie, IMacleod, and Robinson (1924) , and the subsequent extensive studies of Best and his associates (1932 Best and his associates ( , 1933 Best and his associates ( , 1934 Best and his associates ( , 1935 demonstrated quite conclusively that the completely depancreatized dog would not survive more than a few months even though adequately treated with insulin. The most prominent abnormality seen at autopsy was an extreme degree of fatty degeneration and infiltration in the liver. These changes in the liver could be prevented and life indefinitely prolonged by the addition of adequate amounts of raw pancreas, lecithin, or choline to the diet. An exception to these statements is found in the report of Chaikoff (1935) that he has maintained two depancreatizcd dogs alive and in good condition for over four years by means of insulin but without the administration of pancreas, lecithin, or choline. These probably represent exceptional instances. Furthermore, both animals were still living at the time of the report so that verification of the completeness of the pancreatectomy is not yet available. In the present studies we have depancreatized 45 dogs and all save one developed the characteristic changes in the liver as verified by biopsy or post-mortem examination. Eight of these animals received no supplement to the diet, which was effective in relieving the fatty changes in the liver, and all died very promptly.
In the great majority of cases the animals remained in good condition for three to four weeks after the pancreatectomy, excreting considerable amounts of sugar on a diet of 400 grams of meat, 400 cc. of whole milk, and 100 grams of bread with 20 to 30 units of insulin daily. Then the sugar excretion began to diminish, the insulin requirement to decrease, and the animals became apathetic and more and more indifferent to food. -Jaundice was rarely observed. Biopsy of the liver taken during the presence of these symptoms invariably revealed an extensive degree of fatty change. We were soon convinced that animals manifesting these symptoms would shortly 176 1;. R. DEAGSTEDT, J. VAN PRoHASKA AND H. P. HARMS die unless some effective supplement was added to the diet. Only one of the 45 animals failed to develop a fatty liver, but this one died 72 days than the after the pancreatectomy and no significant changes other pancreatectomy were found at post-mortem examination.
The findings described in ficial effect of raw pancreas the preceding paper, indicating that the benein preventing and relieving the fatty changes in the liver of the depancreatized dog could not be accounted for on the basis of its lecithin or choline content or by the presence of the pancreatic enzymes, suggested that the effect must be due to some other substance. An attempt was made to secure such a substance in various types of pancreatic extracts. Fractionation of the pancreas was difficult and time consuming because of the nature of the criteria involved.
In every instance the activity of a fraction was tested by its ability to relieve already established fatty degeneration and infiltration in the liver of the depancreatized dog. To accomplish this a number of dogs were carefully depancreatized, placed on our standard diet of 400 grams of meat, 400 cc. of whole milk, and 100 grams of bread, and given sufficient insulin daily to permit of only a moderate glycosuria. After a period of four weeks fatty liver usually appeared and a con If this showed definite fatty infiltration tro1 the biopsy animal symptoms suggestive of of the liver was taken. was given one of the pancreas extracts mixed with the food. Usually an amount of extract obtained from 100 grams of fresh pancreas was employed and this dose was given daily for a period of 3 to 6 weeks and sometimes longer. A beneficial effect was occasionally manifested in a few days where the fatty infiltration was very marked and the condition of the animal poor; this might be delayed for a week or longer. The symptoms of such improvement were usually increase in appetite, increase in sugar excretion, and renewed activity. In every instance a second biopsy was taken after 3 to 4 weeks and the conclusion as to the activity of the extract tested was based largely on a comparison of This method pearance of the two biopsy specimens. the microscopic approved very reliable since the fatty changes in the liver were found to be practically uniform throughout and improvement following the administration of active preparations equally diffuse and widespread. EXPERIMENTAL PROCEDURE.
Fresh beef or calf pancreas, received usually in a partially frozen state, was stripped of adherent fat, fmely minced, and mixed with about two volumes of 95 per cent ethyl alcohol. extract residl 1 e for five treated to six three
The mixture hours. The was stirred frequently and allowed to alcohol was then filtered off and the more times in similar fashion with 95 per cent alcohol. The alcoholic filtrates were then combined and evaporated in shallow pans at room two temperature to a thick brown paste. This was then extracted from to five times with several volumes of sulphuric ether. The residue was found to by soluble in 3 per cent XaCl solution and in water. This portion was called the "fat-free alcohol extract"
and from 1.8 to 2.5 grams of the dried product was obtained from 100 grams of fresh pancreas. The residue from the original alcohol extractions was then dried and extracted sevtlral times (2 to 5) with ether. The various ether filtrates from this extraction and from the extraction of the alcohol extract were combined and evayorated. This residue, which contained practically all of the lipids of the original pancreas, was cakd the "ether extract."
From 10 to 14 grams of this dried ether extract were obtained from 100 grams of fresh pancreas. The residue of pancreas remaining after both alcohol and ether extraction was called the "pancreatic residue." This residue was extracted with 5 per cent NaCl solution, the extract filtered off and kbclcd "salt solution extract of pancreas residue." In many instances the rffcct of various extracts was tested alternately on the same animal so as to secure the advantage of comparison and for purposes of control. The results a.re indicated in the following representative experiments. Dog 7. Male. Weight 7.6 kgm. Pancreatectomy g-1%35.
Biopsy 10-18-35 showed a fatty liver; 25 grams of raw pancreas were then added to the diet and a second biopsy H-22-35 disclosed an almost normal liver. The dose of pancreas was then reduced to 10 grams and a third biopsy 12-26-35 indicated a return of fat in the liver ( fig. 1 ). Fourteen grams of "ether extract" of pancreas (the amount obtained from 100 grams of fresh gland) were then fed instead of the pancreas for a period of 19 days and a fourth biopsy l-14-36 showed a marked increase in the degree of fatty change in the liver (fig. 2) . The animal was then given 1.5 grams of the "fat-free alcohol extract" (the amount obtained from 100 grams of fresh glnnd) and a fifth biopsy Z-18-36 after 34 days administration showed a definite irnprovement in the appearance of the liver ( fig. 3) . Dog. 9. Male. Weight 12.6 kgm. Pancreatectomy l&17-35. This animal developed a fatty liver within one month and this was not relieved but became more marked during the second month while it was receiving 200 mgm. of choline daily as supplement.
Biopsy taken on 12-l&35 revealed a very fatty liver (fig. 4) . The "fat-free alcohol extract" was then given instead of the choline and a biopsy taken 20 daya later 12-3&35 showed some improvement in the liver. The administration of the extract was continued and the condition of the animal improved markedly. Another biopsy taken 2-3-36 showed almost complete recovery ( fig. 5 ). This animal later developed a fatty liver again while given raw brain as a supplement. Dog 10. Weight 8.6 kgm. Pancreatectomy H-11-35. A biopsy taken 12+35 showed fatty infiltration in the liver ( fig. 6) . The animal was then fed "pancreatic residue" (amount corresponding to 100 grams of original pancreas) as a supplement and a second biopsy taken l-7-36 showed definite improvement ( fig. 7) . The "fatfree alcohol" extract was then given for 27 days and a third biopsy 2-3-36 showed still more recovery.
Both the "fat-free alcohol" extract and "salt solution extract of pancreas residue" were then given for 30 days and a fourth biopsy taken %H6 disclosed further improvement ( fig. 8 ). Dog lg. Male. Weight 8.8 kgm. Pancreatectomy 12-31-35. A biopsy of the liver taken I-17-36 showed definite fatty infiltration of the liver ( fig. 9 ). "Salt solution extract of pancreas residue" in an amount corresponding to 125 grams of fresh pancreas was then fed for one month and a second biopsy taken 2-18-36 disclosed almost complete regeneration of the liver ( fig. 10) -19-35 . On 12-3-35 the general rondition was good and the blood sugar was found to be 67 mgm. per 100 cc. Pancreatectomy was done on 12-3-35. The animal was then pIaced on the standard diet but given no insulin.
The sugar excretion at first ranged between 5 and 12 grams per day but gradually decreased and after 3 weeks the urine became practically sugar free. A biopsy of the liver taken l-7-35, 5 weeks after the pancreatectomy, revealed marked fatty changes ( fig. II) . One and five-tenths gram of the "fat-free alcohol extract" was then given daily for about 6 weeks and a second biopsy on 2-19-36 showed definite improvement in the liver (fig. 12 ). During the last 3 weeks of this period the sugar excretion increased to an average of 28 grams per day. No insulin was administered at any time.
Observations were made on nine additional dogs besides those described in the protocols. The results were strikingly uniform throughout.
The "ether extract" of pancreas containing the lipid fraction was in no case found to be active but rather seemed to increase the rate of fat deposition Stain SharIach R, Kg. 5. Photomicrograph of a biopsy of the liver of the same animal as in figure 4 and showing the disappearance of the fat after the administration of the "fat-free alcohol extract" for 53 days. Stain SharIach R. Fig. 6 . Photomicrograph of a biopsy of the liver of a depancreatized dog showing a moderate degree of fatty change. Stain Sharlach R. Fig. 7 . Photomicrograph of a biopsy of the liver of the same animal as in figure 6 and showing some improvement produced by the administration of "pancreatic residue" for 30 days. Stain Sharlach R. Fig. 8 . Photomicrograph of a biopsy of the liver of the same animal as in figures 6 and 7 and showing complete recovery after the administration of "fat-free alcohol extract" and "salt solution extract of pancreas residue" for 57 days. Stain hematoxylin and eosin. Fig. 9 . Photomicrograph of a biopsy of the liver of a depancreatized dog showing marked fatty infiltration.
Stain Sharlach R. Fig. 10 . Photomicrograph of a biopsy of the liver of the same animal as in figure 9 and showing the disappearance of fat after the administration of the "salt solution extract of pancreas residue" for one month.
Stain Sharlach R. Fig. 11 . Photomicrograph of a biopsy of the liver of a hypophysectomizeddepancreatized dog showing extreme fatty changes. Stain Sharlach R. The fat droplets have not stained deeply. Fig. 12 . Photomicrograph of a biopsy of the liver of the same animal as in figure  11 and showing the improvement produced by the administration of the "fat-free alcohol extract" of pancreas for six weeks. Stain Sharlach R. in the liver.
The "fat-free alcohol extract" of pancreas was in each case found to contain the active principle and to be cffectivc in relieving already established fatty liver in depancreatizccl dogs when given in a daily dose of from 1.0 to 1.5 gram of the dried substance.
This was somewhat less than the amount derived from 100 grams of fresh gland. The "pancreatic residue" and the "salt solution extr:trt of the pancreatic residue" lvere each found to contain the active principle when the original alcohol extractions \vere curried out Gth 95 per rent. alcohol but in greatly reduced amount when 60 per cent alcohol was used. Apparently the lower concentration of alcohol was a better solvent, and removed most of the substance from the pancreas, Observations were made on one additional hyyoyhysectomized-dcpancreatized dog besides the one mentioned in the protocols.
Neither of these animals received insulin at any time. Both developed the characteristic changes in the liver just as rapidly as the depancreatizcd dogs in our series and they responded quite as ~11 when given the active extracts.
The facts that have appeared as a result of this study would seem to warrant the conchlsion that there is present in fresh pancreas a specific substance, aside from lecithin or choline, whir4 is effective on oral administration in proven ting or relieving the fatty degtneration and infiltration of the liver in depancreatized dogs. This substance is insoluble in ether, but soluble in alcohol, 5 per cent NaCl solution, and in water.
The fact that it is not pr*csr:nt in pancreatic juice makes it seem probable that it is a hormone which under normal conditions plays a rble in the transport or further utilization of fat. It is possible that (*holine may play some important intermediary r61e in this function. Hypophysectomy, which lessens the necessity for insulin in conserving the life of the depancreatized dog, does not compensate for the absence of this fat metabolizing hormone.
After consultation with Carl D. Buck, Professor of Comparative Philology of The University of Chicago, we have chosen the name "lipocaic" for this substance.
It is derived from the Greek words "XLTOS," "fat," and "KLYLO[," "1 burn."
A more general term suggesting that the hormone plays a r81e in tht: utilization of fat \vas sought but \\-ithout suc~ss, CONCLUSIONS A specific substance has been obtained in airoholic extracts of beef pancreas, that on oral administration to dcptincreatized dogs treated with insulin, permits survival and prevctnts and relieves the fatty degeneration and infiltration of the livers of thrse animals. This substance, for which the name "lipocaic" is suggested, is believed to be a ne\\ hormone that is concerned in some wav with the normal transport and Y utilization of fat.
